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(54) LIQUID CRYSTAL DISPLAY DEVICE 



The invention concerns a LCD device. 



In the LCD device according to the invention, red, blue, green, and white pixels are arranged in a row 
direction; in one column direction, red and green pixels are alternately arranged and the blue and white 
pixels are alternately arranged in the other column direction. That is, with respect to two neighboring rows, 
in a diagonal direction centering on the blue and white pixels located on the same pixel column, red and 
green pixels are arranged to face each other. According to such an arrangement, blue, red and green pixels 
are stagger- arranged over two neighboring pixel rows, and the white pixels are also stagger-arranged. 

According to the invention, more advantageous high resolution displaying capability can be achieved when 
displaying pictures of characters and figures in a PenTile Matrix pixel arrangement. In particular, although 
the resolution is not enough, longitudinal line patterns by means of specific pixels are not perceived, so that 
it is possible to provide a LCD device of the PenTile Matrix structure having more improved picture quality 
characteristics. 



LIQUID CRYSTAL DISPLAY DEVICE 



Technical Field 

The present invention relates to a liquid crystal display 
device, and more particularly to a liquid crystal display device 
having a pen-tile pixel arrangement for displaying pictures of a 
high resolution. 

Background Art 

Such a liquid crystal display (LCD) device has a plurality of 
pixels in which pixel electrodes and red, green and blue color 
filters are arranged, and displays pictures by driving each pixel 
by means of the signal applied through wires. The wires are 
scanning signal lines or gate lines for transferring scanning 
signals, and picture signal lines or data lines for transferring 
picture signals. Each pixel has a thin film transistor (TFT) 
connected to one gate line and one data line, through which TFT 
picture signals are controlled, the picture signals being 
transferred to the pixel electrode arranged in each pixel. 

In this case, for each pixel, red (R) , green (G) and blue (B) 
color filters are variously arranged, respectively, in order to 
display a variety of colors. The method of arrangement may be a 
stripe type in which the same color filters are arranged on a 
pixel column basis, a mosaic type in which red (R) , green (G) and 
blue (B) color filters are sequentially arranged in row and column 
directions, and a delta type in which unit pixels are stagger- 
arranged alternately in column direction and red (R) , green (G) 
and blue (B) color filters are then arranged sequentially. 

With the delta type it is possible to advantageously display 
circles or diagonals on a screen when displaying pictures for 
three unit pixels including red (R) , green (G) and blue (B) color 
filters as one dot. 

Also, the ' ClairVoyante Laboratories' has proposed a pixel 
arrangement called 'The PenTile Matrix™ color pixel arrangement' 



that can minimize design cost while achieving representation 
capability of a high resolution more advantageous when displaying 
pictures . 

In the pixel arrangement of such a PenTile Matrix, the blue 
unit pixel is shared when displaying two dots. And to neighboring 
blue unit pixels, data signals are transferred by means of one 
integrated circuit for data driving and the pixels are driven by 
means of each different integrated circuit for gate driving. With 
the aforementioned PenTile Matrix pixel structure, it is possible 
to implement a resolution of UXGA (Ultra Extended Graphics Array) 
level, using a display device of SVGA (Super Video Graphics Array ) 
level. In this case, while the number of the cheap integrated 
circuits for gate driving increases, it is possible to reduce the 
number of relatively expensive integrated circuits for data 
driving thus to minimize the design cost for the display device. 

However, in the PenTile Matrix pixel structure, since the size 
of blue pixels is different from that of red and green pixels, it 
is required to change the retaining capacitance depending on the 
difference in liquid crystal charging rates. Also, since two blue 
pixels are connected with one wire and driven, non-uniform pixel 
polarity occurs, etc. 

In particular, since the blue pixels are arranged in the 
conventional stripe type, longitudinal line patterns by blue 
pixels are easily perceived so that the whole picture quality is 
deteriorated, in case of an insufficient resolution. 

Disclosure of Invention 

It is an object of the present invention to provide a liquid 
crystal display device in a PenTile Matrix structure excellent in 
picture quality characteristics. 



Brief Description of the Drawings 

These and other features, aspects, and advantages of the 
present invention will become apparent through the following 



description, illustrated in the accompanying drawings, in which 
like components are denoted by like reference numerals. The 
various features of the components may not be to scale. In the 
drawings : 

Fig. 1 shows a pixel arrangement of a liquid crystal device 
according to a first embodiment of the invention; 

Fig. 2 shows a pixel structure of a thin film transistor 
substrate in an LCD device according to the first embodiment of 
the invention; 

Fig. 3 shows a cross section of a TFT substrate for LCD 
devices, cut along EI -EI 1 in Fig. 2; 

Fig. 4 shows an example of extended pixel arrangement of an LCD 
device according to the first embodiment of the invention; 

Fig. 5 shows an example of pixel arrangement of an LCD device 
according to a second embodiment of the invention; 

Fig. 6 shows a pixel arrangement structure of a TFT array 
substrate of the LCD device according to the second embodiment of 
the invention; 

Fig. 7 shows a cross section of a TFT array substrate of the 
LCD device, cut along VII - VII ' in Fig. 6; and 

Fig. 8 shows an exemplary pixel arrangement of the LCD device 
according to a third embodiment of the invention. 

Best Mode for Carrying out the Invention 

Hereinafter, preferred embodiments of the present invention 
will be described in detail with reference to the accompanying 
drawings . 



In the LCD display device having a pixel arrangement of the 
PenTile Matrix according to the characteristics of the invention, 
red, blue and green, red, white and green pixels are arranged in a 
given order in the row direction. In one column direction, the red 
and green pixels are alternately arranged and the blue and white 
pixels are alternately arranged in the other column direction, so 
that the red and green pixels are arranged to face each other in 
the diagonal direction centering on the blue and white pixels in 
two neighboring rows. 

In this case, in the horizontal direction, gate lines are 
arranged for the pixel row, respectively, which transfer scanning 
signals or gate signals to the pixels. In the longitudinal 
direction, data lines are provided which are insulated from and 
cross the gate lines, transfer picture or data signals and are 
arranged for each pixel column. Also, in row and column directions, 
pixel electrodes are provided to transfer the data signals to the 
pixels. Also, a TFT is provided in the pixel in row and column 
directions, which comprises a gate electrode connected to each 
gate line, a source electrode connected to the data line and a 
drain electrode connected to the pixel electrode. 

Here, in a diagonal direction centering on the blue and white 
pixels located on the same pixel column in two neighboring pixel 
rows, red and green pixels are arranged to face each other. When 
this area is referred to one pixel area, the pixel areas are 
sequentially arranged in the row direction and the column 
direction. The locations of the blue pixels and the white pixels 
are alternately arranged, the blue and white pixels being located 
on the same pixel column on one pixel area column basis. 

In this case, the blue pixels and the white pixels arranged in 
one pixel area can make a diamond shape over two pixel rows. In 
this case, the blue pixels and the white pixels are arranged in 
the same column and shaped a triangle whose apex is located in 
parallel with the row direction. The base of each triangle is 
correspondingly arranged to form an overall diamond shape. 



Also, in the diagonal direction centering on the blue pixels 
and the white pixels over two neighboring pixel rows, the red and 
green pixels are arranged to face each other. When this area is 
referred to one pixel area, the pixel areas are sequentially 
arranged in the row direction and the column direction. The 
locations of the blue pixels and the white pixels are alternately 
arranged on one pixel area row basis. 

In this case, the blue pixels and the white pixels are shaped 
a triangle whose apex is located in parallel with the column 
direction over two pixel rows. The base of each triangle is 
correspondingly arranged to make an overall diamond shape. 

Hereinafter, with reference to the accompanying drawings, the 
present invention will be described in detail so that those 
skilled in the art can easily practice the invention. It should be 
noted that the invention, however, can be embodied in various 
different manner and the scope of the invention are not limited to 
those embodiments to be described in the following. 

In the drawings, thickness of components is enlarged in order 
to clearly indicate various layers and areas. Throughout the 
specification like components are denoted by like numerals. The 
phrase, a layer, film, area or plate and the like 'overlies 
another part' , includes the situation of 'right on that part' as 
well as the situation that another part exists in-between. On the 
contrary, when using the phrase, one part is 'just on' another 
part, it means there is no part in-between. 

Now, the LCD device according to the embodiments of the 
invention will be described in detail with reference to the 
accompanying drawings . 

Fig.l shows a pixel arrangement of the LCD device according to 
a first embodiment of the invention. 

As shown in Fig.l, on the substrate of the LCD device 
according to a first embodiment of the invention, red, blue and 
green pixels (R, G, B) for color filters are arranged in a PenTile 
Matrix structure. The pixels (W) for white filters are arranged 



adjacent to the pixels (B) for blue filters. 

In a row direction, red, blue and green pixels (R, B, G) and 
red, white and green pixels (R, W, G) are sequentially arranged. 

In one column direction, red and green pixels (•• R, G, ■•) are 
alternately arranged and in the other column direction, blue and 
white pixels (■■ B, W, ■■ ) are alternately arranged. Therefore, in 
a diagonal direction centering on the blue pixels (B) and the 
white pixels (W) located in the same column in two neighboring 
rows, red and green pixels (R, G) are arranged to face each other. 

That is, in one pixel row, a first pixel unit (R, B, G) and a 
second pixel unit (R, W, G) are alternately arranged, red, blue 
and green pixels being sequentially arranged in the first pixel 
unit, and red, white and green pixels being sequentially arranged 
in the second pixel unit. In the other pixel rows adjacent to the 
one pixel row, a third pixel unit (G, W, R) and a fourth pixel 
unit (G B, R) are alternately arranged, green, white and red 
pixels being sequentially arranged in the third pixel unit, and 
green, blue and red pixels being sequentially arranged in the 
fourth pixel unit. Here, for the sake of convenience of 
description, respective pixels are classified into first to fourth 
pixel units, and it doesn't mean that those first to fourth pixel 
units are used to represent one dot in displaying pictures. 

As such, in two neighboring pixel rows, the pixels are 
arranged on a two-pixel row unit basis, in which the first and 
second pixel units and the third and fourth pixel units are 
alternately arranged. 

Accordingly, centering on the blue and white pixels located on 
the same column of two neighboring pixel rows, four of red and 
green pixels (R, G) are arranged to face each other in a diagonal 
direction . 

For example, when the arrangement is called one pixel area in 
which arrangement four of red and green pixels (R, G) are arranged 
to face each other in a diagonal direction centering on the blue 
pixel (B) and the white pixel (W) located on the same column of 



two neighboring pixel rows, such pixel areas are sequentially 
arranged in a row direction and a column direction, the blue and 
white pixels are alternately located in each pixel area column. 

For example, when one blue pixel is located above one white 
pixel in each pixel area arranged on one pixel area column, a 
white pixel is arranged above a blue pixel in each pixel area in 
the neighboring pixel area column. 

In the LCD device according to the first embodiment of the 
invention, according to such structure, blue, red and green pixels 
are stagger-arranged over two neighboring pixel rows, and white 
pixels are also stagger-arranged. 

In the following, the structure of a TFT substrate of an LCD 
device according to the first embodiment of the invention, having 
the same pixel arrangement as described above, will be described 
in detail with reference to Figs. 2 and 3. 

Fig. 2 shows a specific pixel arrangement of the TFT substrate 
of the LCD device according to the first embodiment of the 
invention having such a pixel arrangement. Fig. 3 shows a cross 
section of the TFT substrate for an LCD device, cut along El-Ill 1 in 
Fig. 2. 

As shown in Fig. 2, on the TFT substrate of the LCD device 
having a pixel arrangement of the PenTile Matrix structure 
according to the first embodiment of the invention, red, blue and 
green pixels (R, B, G) and red, white and green pixels (R, W, G) 
are sequentially arranged in the row direction. In one column 
direction, red and green pixels (•• R, G, ■•) are alternately 
arranged and in the other column direction blue and white pixels 
(•• B, W, •• ) are also alternately arranged. 

In this case, as shown in Fig. 2, in the horizontal direction, 
gate lines (or scanning signal lines) 121, one per pixel row, for 
transferring scanning signals or gate signals are provided in the 
row direction of pixels, respectively. In the longitudinal 
direction, data lines 171 for transferring data signals, and 



defining unit pixels are provided for pixel (•• R, B,G, W, R, B ■•) 
columns, to cross and to be insulated from the gate lines 121. 

Here, at the part where the gate lines 121 and the data lines 
171 cross each other, a TFT is provided which comprises a gate 
electrode 123 connected to the gate line 121, a source electrode 
173 connected to the data line 171, a drain electrode 175 provided 
on the side opposite to the source electrode 173 with respect to 
the gate electrode 123, and a semiconducting layer 150. In each 
pixel, a pixel electrode 190 is provided which is electrically 
connected to the gate line 121 and the data line 171 through the 
TFT. 

Also, a conductor pattern 177 for a retaining capacitor is 
overlaid with the pixel electrode 190 on the same layer with the 
gate line 121 and provides a retaining capacitance. The conductor 
pattern 177 for the retaining capacitor is provided on the gate 
line 121 and connected to the pixel electrode 190 through a 
contact hole 187. The width of the part where the conductor 
pattern 177 is provided for the retaining capacitor on the gate 
line 121 is wider than that of the part where the conductor 
pattern 177 is not provided for the retaining capacitor, in order 
to have enough retaining capacitance. 

Also, the data wire is connected to the drain electrode 175. 
The contact hole 181 of the protective film 180 (see Figs. 2 and 
3) for connecting the pixel electrode 190 to the data wire is 
provided on top of the conductor pattern 177 for the retaining 
capacitor. To the end of each data line 171, a data pad 179 is 
connected for receiving image signals from the outside and 
transferring them to the data line 171. In such a structure, each 
pixel column receives respective picture signals through the data 
pad connected to the data line 171. 

Describing the structure of the TFT substrate of an LCD device 
in more detail, the gate wire is provided on the insulation 
substrate 100. The gate wire comprises gate lines 121, one per 
pixel row in the pixel row direction, gate pads 125 connected to 



the end of gate line 121 and for receiving gate signals from the 
outside and transferring them to the gate lines and gate 
electrodes 123 of TFT' s connected to the gate lines 121. 

A gate insulation film 140 made of silicon nitride (SiN x ) 
covers the gate wire on the substrate 100. 

On top of the gate insulation film 140 of the gate electrode 
125, a semiconducting layer 150 made of semiconductors such as 
amorphous silicon, etc., is provided like an island. On top of the 
semiconducting layer 150, a resistive contact layer 160 is 
provided which is made of a material such as n+ amorphous silicon 
hydride in which silicide or n type dopant is doped in high 
concentration. Unlike this, the semiconducting layer 150 may be 
provided to follow the data line 171. 

On the resistive contact layer 160 and the gate insulation 
film 140, a data wire is provided. The data wire comprises a data 
line 171 provided in the longitudinal direction to cross the gate 
lines 121and thus to define a pixel, a source electrode 173 which 
is a branch of the data line 171 and extends to the top of the 
resistive contact layer 160, a data pad 179 connected to one end 
of the data line 171 and for receiving picture signals from the 
outside and a drain electrode 175 separated from the source 
electrode 173 and provided on top of the resistive contact layer 
160 on the side opposite to the source electrode 173 with respect 
to the gate electrode 123. 

On top of the data wire and the semiconducting layer 150 not 
covered by the data wire, a protective film 180 is provided. The 
protective film 180 has contact holes 185 and 189 for exposing the 
drain electrode 175 and the data pad 179, respectively. The film 
180 also has a contact hole 182 for exposing the gate pad 125 
together with the gate insulation film 140. 

On the protective film 180, a pixel electrode 190 is provided 
which is electrically connected to the drain electrode 175 through 
the contact hole 181 and located in a pixel. Also, on the 
protective film 180, an auxiliary gate pad 95 and an auxiliary 



data pad 97 are provided, which are connected to the gate pad 125 
and the data pad 179 through the contact holes 182 and 189, 
respectively. 

Here, the pixel electrode 190 is overlaid with the gate line 
121 to make a retaining capacitor, as shown in Figs. 2 and 3. If 
the retaining capacitance is not sufficient, a wire for retaining 
capacitance may be added on the same layer as that of the gate 
wire 121, 125 and 123. 

The LCD device according to the first embodiment of the 
invention having such a structure as described above extracts W 
(white) data from R, G and B data provided from an external data 
source (for example, graphic controller) and drives each pixel 
according to such R, G, B and W data. 

Therefore, it is possible to represent four red ( R) and green 

RBG RWG 

(G) pixels as one pixel area, that is a dot ( or ) , the 

GWR GBR 

four pixels being arranged adjacent to both sides, centering on 
the blue (B) pixel and the white (W) pixel located on the same 
column in two neighboring pixel rows. 

Also, it is possible, by applying the rendering technique, to 

RB RW 

display pictures by making, as one dot ( or ) , red and green 

GW GB 

(R, G) pixels located on a column adjacent to one side centering 
on the blue (B) pixel and the white (W) pixel located on the same 

BG 

column in two neighboring pixel rows, or by making, as one dot (^ 
WG 

or BR ) ' green (G) and red ( R) pixels located on a column adjacent 

to the other side centering on the blue (B) and white (W) pixels. 

Fig. 4 shows the perceived pixel state when driving the pixel 
arrangement of the LCD device according to the first embodiment of 
the invention having the structure as described above. 

As shown in Fig. 4, according to the first embodiment of the 
invention, both the red (R) and the green (G) pixels and the blue 



(B) pixel are stagger-arranged. The white (W) pixels are not 
adjacent to each other and are stagger-arranged. Therefore, 
although resolution is not enough, longitudinal line patterns by 
means of specific pixels (for example, blue pixels) are not 
perceived. As a result, it is possible to provide an LCD device 
having a PenTile Matrix arrangement in which more improved picture 
characteristics can be achieved. 

In the following, an LCD device according to a second 
embodiment of the invention will be described. 

Fig. 5 shows a pixel arrangement of the LCD device according to 
the second embodiment of the invention. 

As shown in Fig. 5, on the substrate of the LCD device 
according to the second embodiment of the invention, red, blue and 
green pixels (R, B, G) and red, white and green pixels (R, W, G) 
are sequentially arranged in the row direction, as the same in the 
first embodiment as a PenTile Matrix arrangement. In one column 
direction, red and green pixels (•• R, G, ••) are alternately 
arranged and in the other column direction blue and white pixels 
(•• B, W, •• ) are also alternately arranged. 

Therefore, in a diagonal direction centering on the blue (B) 
pixels and the white (W) pixels located in the same column in two 
neighboring pixel rows, red and green pixels (R, G) are arranged 
to face each other. 

However, unlike the aforementioned first embodiment, the blue 
and white pixels located in the center make an overall diamond 
shape. That is, the blue (B) and white (W) pixels adjacent to the 
same column of two neighboring rows are shaped a triangle whose 
lower base is parallel with the row direction. As shown in Fig. 5, 
the lower bases correspond to each other to make one diamond shape 
This appears that one diamond created over two pixel rows is 
divided in the row direction. 

On four sides of the blue (B) and white (W) pixels in such a 
diamond shape, four of red (R) and green (G) pixels are arranged 
to face each other in a diagonal direction. In this case, two red 



(R) pixels are arranged to face each other in a diagonal direction 
centering on the blue (B) and white (W) pixels. Also, two green 

(G) pixels are arranged to face each other in a diagonal direction 
centering on the blue (B) and white (W) pixels. 

As a result, also in the second embodiment, blue, red and 
green pixels are stagger-arranged over two neighboring pixel rows, 
and white pixels are also stagger-arranged. 

Also, as in the first embodiment, when the arrangement is 
called one pixel area in which arrangement four of red and green 
pixels (R, G) are arranged to face each other in a diagonal 
direction centering on the blue pixel (B) and the white pixel (W) 
located in the same column of two neighboring pixel rows, such 
pixel areas are sequentially arranged in a row direction and a 
column direction, and the blue and white pixels are alternately 
located in each pixel area column. 

In the following, the structure of a TFT substrate of an LCD 
device according to the second embodiment of the invention, having 
the same pixel arrangement as described above, will be described 
in detail with reference to Figs. 6 and 7. 

Fig. 6 shows a specific pixel arrangement of the TFT substrate 
of the LCD device according to the second embodiment of the 
invention having such a pixel arrangement. Fig. 7 shows a cross 
section of the TFT substrate for the LCD device, cut along VH-VH ' 

As the same shown in Fig. 5, on the TFT substrate of the LCD 
device according to the second embodiment of the invention, red, 
blue and green pixels (R, B, G) and red, white and green pixels (R, 
W, G) are sequentially arranged in the row direction. In one 
column direction, red and green pixels (•• R, G, ■•) are 
alternately arranged and in the other column direction blue and 
white pixels (•■ B, W, •■ ) are also alternately arranged, 

In this case, as shown in Fig. 6, in the horizontal direction, 
gate lines (or scanning signal lines) 121, one per pixel row, for 



transferring scanning signals or gate signals to each pixel row, 
are provided for each pixel row, respectively. The gate lines 121 
provided on the two neighboring pixel rows are arranged to face 
each other centering on the pixels of each pixel row. 

In the longitudinal direction, data lines 171 for transferring 
data signals to a pixel column are provided in the column 
direction of pixels (•■ R, B,G, R, W, G ■•) to cross and to be 
insulated from the gate lines 121. 

Here, at the part where the gate lines 121 and the data lines 
171 cross each other, a TFT is provided which comprises a gate 
electrode 123 connected to the gate line 121, a source electrode 
173 connected to the data line 171, a drain electrode 175 provided 
on the side opposite to the source electrode 173 with respect to 
the gate electrode 123, and a semiconducting layer 150. In each 
pixel, a pixel electrode 190 is provided which is electrically 
connected to the gate line 121 and the data line 171 through the 
TFT. 

Also, a retaining capacitance line 131 on the same layer with 
the gate line 121 is provided which overlaps with the pixel 
electrode 190, forms retaining capacitance and extends in the 
horizontal direction. The retaining capacitance line 131 is 
provided on the boundary line between two rows in order to overlap 
all of the pixel electrode 190 corresponding to red, blue, green 
and white pixels provided on two neighboring rows. 

In addition, the data line 171 is connected to the drain 
electrode 175. To the end of each data line 171, a data pad 179 is 
connected for receiving image signals from the outside and 
transferring them to the data line 171. In such a structure, each 
pixel column receives respective picture signals through the data 
pad 179 connected to the data line 171. 

Describing the structure of the TFT substrate of an LCD device 
according to the second embodiment of the invention in more detail, 
the gate wire and the retaining wire are provided on top of a 
transparent insulating substrate 10. 



The gate wire comprises a scanning signal line or gate line 
121, extending in the horizontal direction and a gate electrode 
123 of TFT which is a part of the gate line 121, and may comprise 
gate pads 125 connected to each end of the gate lines 121. In this 
case, on each blue pixel column, gate electrodes 123 are provided 
which are connected to the end of the gate line 121, respectively. 

The retaining wire, that is the retaining capacitance line 131, 
is overlaid with the pixel electrode 190 of the pixels (R, B, G, 
W) as will be described below and forms a retaining capacitor 
having a retaining capacitance for improving charge preservation 
capability of the pixels. 

On the gate insulation film 140 covering the gate wire and the 
retaining wire, a data wire is provided which is made of 
conducting material of a low resistance. The data wire comprises a 
data line 171 arranged, one per pixel column, in the longitudinal 
direction, a source electrode 173 of a TFT connected to the data 
line 171, and a drain electrode 175 of the TFT located on the 
opposite side of the source electrode 173 with respect to the gate 
electrode 123 or the semiconducting layer 150 of the TFT, and may 
comprise a data pad 179 connected to one end of the data line 171 
for receiving picture signals from the outside. 

Since the data lines 171 are arranged at a given interval on 
each pixel column, it is possible to prevent short circuits 
between data lines 171 and also possible to prevent intervention 
between data signals transferred to the data lines 171. 

Here, the data wire can be provided as a single layer like the 
gate wire, but double layer or triple layer scheme may be applied. 
Of course, in case of double or more layers, it is preferred that 
one layer is made of a material of low resistance and the other 
layers are made of a material having better contact properties 
with another materials. 

On the data wire and on top of the semiconducting layer 150 
not covered by the data wire, a protective film 180 is provided 
which is made of silicon nitride or organic insulating material 



such as acryl. On top of the protective film 180, a pixel 
electrode 190 is arranged in each pixel (R, B, G, W) to follow the 
pixels, the pixel electrode 190 being connected to the drain 
electrode 175 through the contact hole 145. 

As the same in the first embodiment, with the arrangement 
according to the second embodiment of the invention, it is 
possible to represent 4 red (R) and green (G) pixels as one dot 
RBG RWG 

( or ), the four pixels being arranged adjacent to both 

GWR GBR 

sides, centering on the blue pixel and the white pixel located on 
the same column in two neighboring pixel rows and making one 
diamond shape. 

Also, it is possible, by applying the rendering technique, to 

RB RW 

display pictures by making, as one dot ( or ) , red and green 

GW GB 

(R, G) pixels located on a column adjacent to one side centering 
on the blue pixel and the white pixel located on the same column 
in two neighboring pixel rows and making an overall diamond shape, 
BG WG 

or by making, as one dot or ^ ) r green (G) and red (R) pixels 

located on the column adjacent to the other side centering on the 
blue and white pixels. 

Unlike the second embodiment of the invention, it is possible 
to embody a diamond shape by arranging, in a different manner, the 
blue and white pixels shaped a triangle in neighboring pixel rows. 

Fig. 8 shows a pixel arrangement of an LCD device according to 
a third embodiment of the invention. 

As shown in Fig. 8, in the LCD device according to the third 
embodiment of the invention, the blue (B) pixel and the white (W) 
pixel adjacent in two neighboring rows make overall one diamond 
shape, the pixels being placed in a PenTile Matrix arrangement the 
same as shown in the aforementioned second embodiment. 

In this case, the blue (B) pixels and the white (W) pixels are 
shaped a triangle, respectively, but, unlike the second embodiment, 



the lower bases of triangles are parallel with the column 
direction. That is, over two neighboring pixel rows, one blue (B) 
pixel and one white (W) pixel are shown a triangle whose apex is 
located on a boundary line of the two pixel rows. The blue and 
white pixels in such a shape are arranged so that their lower 
bases correspond to each other to make one diamond shape. This 
appears that one diamond shape created over two pixel rows is 
divided in the column direction. 

Like the second embodiment, on four sides of the blue (B) and 
white (W) pixels in such a diamond shape created over two 
neighboring rows, four of red (R) and green (G) pixels are 
arranged to face each other in a diagonal direction. 

In addition, unlike the second embodiment, when the 
arrangement is called one pixel area in which arrangement four of 
red and green pixels (R, G) are arranged to face each other in a 
diagonal direction centering on the blue pixel (B) and the white 
pixel (W) located in two neighboring pixel rows, such pixel areas 
are sequentially arranged in a row direction and a column 
direction, and the blue and white pixels are alternately located 
in each pixel area row. 

That is, as shown in Fig. 8, when a blue pixel (B) is located 
to the right of the white pixel (W) in each pixel area in one 
pixel area row, the blue pixel (B) of each pixel area is located 
to the left of the white pixel (W) in a neighboring different 
pixel area row. 

The structure of a TFT substrate of an LCD device according to 
the third embodiment of the invention having such a pixel 
arrangement will not be described in detail because it would be 
apparent to those skilled in the art from reading the pixel 
arrangement described above and reviewing the structure and cross 
sections set forth in the aforementioned second embodiment. 

Also in the third embodiment of the invention as in the first 
embodiment, the blue, red and green pixels are stagger-arranged 
over two neighboring pixel rows, and the white pixels are also 



stagger-arranged. 

Therefore, in the structure according to the third embodiment 
of the invention as in the second embodiment, 4 red and green 
pixels adjacent to both sides centering on the blue and white 
pixels in an overall diamond shape in two neighboring pixel rows 

R G R G 

can be represented as one dot ( ^bw ^ or ^wb ^) . 

Also, it is possible, by applying the rendering technique, to 
R R 

represent, as one dot ( or wb) . , red and green (R, G) pixels 

G G 

located on a column adjacent to one side centering on the blue 
pixel and the white pixel in an overall diamond shape in two 

G G 

neighboring pixel rows, or to represent, as one dot ( BW ^ or WB ^ ) < 

green (G) and red ( R) pixels located on the column adjacent to 
the other side centering on the blue and white pixels. 

Furthermore, prior art driving algorithms can be applied 
without modification, although the rendering driving technique is 
used in order to display pictures of a high resolution by means of 
an LCD device having the PenTile Matrix pixel arrangement 
according to the first to third embodiments of the invention as 
described above. 

According to the aforementioned embodiments of the invention, 
the blue pixels as well as the red and green pixels are stagger- 
arranged, and the white pixels are also stagger-arranged without 
being adjacent to each other, so that longitudinal line patterns 
by means of specific pixels are not perceived although resolution 
is not enough. 

Also, it is possible to enhance entire luminance by driving 
white pixels. In this case, since the white pixels are stagger- 
arranged, luminance does not increase only in a specific area, but 
uniformly increases on the entire screen. It is also possible to 
control luminance by adjusting white pixels to, for example, white, 
gray or black. 



It should be noted that preferred embodiments of the invention 
were described in detail but those embodiments are intended only 
to illustrate the invention. It should also be noted that the 
scope of the invention is not limited to those embodiment and with 
basic concept of the invention defined by accompanying claims, 
variations and modifications by those skilled in the art can be 
made within the spirit of the invention. 



Claims 



1. An LCD display device comprising: 

a pixel arrangement in which red, blue, green, red, white and 
green pixels are arranged in a given order in a row direction, 

in one column direction, the red and green pixels are 
alternately arranged, 

the blue and white pixels are alternately arranged in the 
other column direction, 

so that red and green pixels are arranged to face each other 
in the diagonal direction centering on the blue and white pixels 
in two neighboring rows; 

gate lines arranged with respect to the pixel row in the 
horizontal direction, respectively, and for transferring scanning 
signals or gate signals to the pixels; 

data lines arranged to be insulated from and cross the gate 
lines, for transferring picture or data signals, and arranged with 
respect to the pixels row; 

pixel electrodes arranged in each pixel in the row and column 
directions and to which the data signals are transferred; and 

a TFT arranged in row and column directions in each pixel, 
respectively, and comprising a gate electrode connected to the 
gate line, a source electrode connected to the data line and a 
drain electrode connected to the pixel electrode. 

2. The LCD device as claimed in claim 1, wherein, when a 
pixel area is defined as an area where in a diagonal direction 
centering on the blue and white pixels located on the same pixel 
column in two neighboring pixel rows, red and green pixels are 
arranged to face each other, 



the pixel area are sequentially arranged in the row direction 
and the column direction; and 

the blue pixels and the white pixels are alternately located, 
the blue and white pixels being located on the same pixel column 
on one pixel area column basis. 

3. The LCD device as claimed in claim 2, wherein the blue 
pixels and the white pixels arranged in one pixel area form a 
diamond shape over two pixel rows. 

4. The LCD device as claimed in claim 3, wherein the blue 
pixel and the white pixel are arranged in the same column and 
shaped a triangle whose apex is located in parallel with the row 
direction, and the base of each triangle corresponds to each other 
to form an overall diamond shape. 

5. The LCD device as claimed in claim 1, wherein, when a 
pixel area is defined as an area where in a diagonal direction 
centering on the blue and white pixels located in two neighboring 
pixel rows, red and green pixels are arranged to face each other, 

the pixel areas are sequentially arranged in the row direction 
and the column direction; and 

the blue pixels and the white pixels are alternately located 
on one pixel area row basis. 

6. The LCD device as claimed in claim 5, wherein the blue 
pixels and the white pixels are arranged over two pixel rows and 
shaped a triangle whose apex is located in parallel with the 
column direction; and 

the base of each triangle corresponds to each other to form an 
overall diamond shape. 



7. The LCD device as claimed in claim 1, wherein it is 

driven by means of the rendering driving technique. 



Abstract 

The invention concerns an LCD device. 

In the LCD device according to the invention, red, blue, green, 
and white pixels are arranged in a row direction; in one column 
direction, red and green pixels are alternately arranged and the 
blue and white pixels are alternately arranged in the other column 
direction. That is, with respect to two neighboring rows, in a 
diagonal direction centering on the blue and white pixels located 
on the same pixel column, red and green pixels are arranged to 
face each other. According to such an arrangement, blue, red and 
green pixels are stagger-arranged over two neighboring pixel rows, 
and the white pixels are also stagger-arranged. According to the 
invention, more advantageous high resolution displaying capability 
can be achieved when displaying pictures of characters and figures 
in a PenTile Matrix pixel arrangement. In particular, although the 
resolution is not enough, longitudinal line patterns by means of 
specific pixels are not perceived, so that it is possible to 
provide an LCD device of the PenTile Matrix structure having more 
improved picture quality characteristics. 
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013* °l^^m ^ 4^^1 ^11 4^HH1 4^ ^1^14fe ^14^1 i«13 ±i(o(# i^, nefl 

^ ^H 7l)S^-Bl Afl ^-5]^ R, G, B ell o] b\ S.^-E] W( white) tHl^Eil- ^#4^1, R, G, B, W 44 

44^1 4^1- ^4^-1 44. 

44^-i, 91%& 4 7p-l 4^*^41 4<y<iH ^H^slb fl-iffi) ^ «M ^i(W)t f^jAS 44°ll °J^4^ 

R B (J R IF (J 

*J^4 47flSl ^A^(R) ^ fe-Aj] ^(G)^ 44^1 #± 4, £S( O TV R . Jt^. G S « )^ ^ Oj 

4. 

ifflc|^ (rendering) 7l^^ *4*H 4^tr 4 7fl2l 4i^^41 ^^'g^l 4|44^r 4i(B) ^ $M 

W)# f^os <a4°ll ?1^4 H^l ^^14 ^ *q 4^(R, G)« 44^1 eh( r; " , £fe 0 * )s. 4/14, 

4i(B) ^ ajAfl ^-i(W)# ^^JiLS E>#o11 013$ wofl o]x)«V ^-xfl ^ ^(G, R)# §>4fil 

w « )S 4^ K x\i£ ^ $14. 

SL 4 oil °134 ol^^Xl^ ^ xHl ^Alojlofl 43 ojj^ KA] xV^|o] ^ ^Al2] 7^ o-oflo] ^. 

i Ajo] Al-EflS 44^, r:ol4. 

£ 4^Ai ^ $14°1, 0 134 4 4^5-1 ^11 4^-HHl 4 = 4 4i(R) ^ 4^1 4^(G) ^4 4^4 ^ 4i( 

B) J£4 ^1^7fl^ BflAlSlol, ^Afl S}-i(W)SL *\SL «H 4 ^1 4 4^1 *]^^- S.'&SLsL 

<H $45-£LS, ^4^4 444^1 4fe 4^ 4^(^14 fi:<H, ^ ^ 4i)°H sRl ^ls# sflH^oi Ai^xi 

4fe4. 44^1, i4 41 4^°1 444 441 °flHeii ^a^i xa] ^i# ^ 514. 

44ife 4 4^ si 7^12 4aHH 4a aA] ^ l0 fl tflsv^ ^^^4. 
£ 5fe 4 4^1 42 4^HH1 4& £*1 4^lsl 4i «l|^^ol4. 

4 4^^1 7112 4^HH1 4^ m 4^15-1 71^^ £ 50,] £ a] 5 h $14°1, 441 *m^^ %n^*\ 33 ^ 
1 4^1-^14 414711, *S 44i5-Sfe ^Aij^ ^Ajjo] ^ ±(Ri B> 04 ^aa ; ^xn. ^aao] ^ (r> w> g)7> 
as ^«sH $14. ^ela. 443 1 44°-Sfe ^a^ j ^ ^ ^ ^ ( .. R> G> ..)7> jnfls 4*131. $1^, 4 
o 440, « H j- f o £fe sg^fl, ajAji 4^.. B , w, •• )sl atfls. «11 331 $11 14. 
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441, Is 444fe 4 4^1H1 4111 114 11 sHh(B) 4 11 4i(W)«- 41-°s fljll 44-°s 

i^Ajj ^ i(Rj G)7 | 77HH p}^§>5L^ 1144. 
^4, flfil ^11 IWfe ^5], ^o\] sf\*)$. « ^ #±7} HI O.S. 445] P}#£ o] =57 5| 

4. 4, is 444^ ¥ 14 4111 1144 3 A d4 11 4i(B) « 11 4i(W)l 44 444 1444 1 
141 114^ 441 sl°-S 44411, s 5114 44 444 4s 144S1 1144 444 44s sl 
44 444. 414 41 4 4^1H 411 114 444 44s4 144-°s 4141 lis S14. 

HI Ifl-si 5_<#$) H St± 4 11 4i(B, W)4 441 11, 414 1 s^r, g)7> 144 44-°s 
44 4444 till ^1 sq ^4 914. 4 1 4 14 11 4^(R)4 11 4 11 4i(B,w)# f^Jia 141 44-°s a] 
s 44SS4 1141, £4 4 14 11 s]-i(G)SL 11 ^ 11 ^-4B,w)f 41 as 144 HAS is 4 
4S£4 1144. 

441, 12 IWls 11, 11 1 41 4^4 134 4 14 ii*sil 1141 41, 1 

1 4i 5t 1^ 1^1 US 1141 44. 

at, nn ^-yii, 134 ^ 7 fli i^n ^in ^is)^ 11 4^(b) i 11 Hi(w)t 41as 

11, 414 1 4^(R, G)7> 141 HJtos 1111 44SS4 114 14 444 4^ 1444^ 4 "11, 4 
214 4S 114 144 1 Hiss 44 al as 1141, 444 4S 14 lis 11 1 11 4^4 114 
situs 41 41 44. 

444, $t± 11 7}*|fe 4 4^4 12 4111 4^ 11 £l 444 44 Hlli4 7 R>4 

i tfl4°l £ 6 ^ 5L 74 424*1 £14 4^14711 4^47ls 44. 

s 64 °1h14 4^ 7Mfe 4 7^12 4^HH 4^ a^l 4^41 44 H^^eI 4 ^ ^1^4 
4^ nfl^l£ol ji, e 74 s. 6i4 vn-vn'4* 44 44 ea] <& S ai ^ h^xi^ei 71*^ 44e°1 
4. 

4 4^1 7112 4^HHl 4^ m S-M 4-44 44 e^i^e! 7141^^ £ 54 £^14 44 4^44 *S 44^- 
sfe s\-MR, B, G)4, qq, 4^4 ^(r, w, G)7> ^H^s ufl^sl«H 514. ^e]ji 4 

44 ^ 44ASfe *\ q, %±. ^ ^(.. R> G> .. )7l - Bfl*l£M 4^, 4^- 444 1 44ASfe ^a^ ; 
aj>aj b, w, •• )HHiflsfll|jqs|«H sa«H 44. 

ol nfl, £ 6^41 afe 44 4°1, 7}s 44^sfe 4 4i^i 44 43: Efe TiHs ai^s. ^g;si-^ ^01^(5^ 
44 4JL4, 121)4 444 44i tfleH 44^! ^^44 44. °1 4344 4 7fl4 4^*S°11 44 ^44 

71101^(121)^ Z\ $±r%°] f4] o. S Hfl ^1 Sl 014. 

^15. 44AS^r 4^^^! cflolEl A]^s cflo] El *}(17i)ol ^olE^dPD^ ^<£s\o] ■ 

R, B, G, R, W, G, --)4 ^ 44°11 cflsH 44 ^^4°1 44. 

<*4H, >n°is^(i2i)4 ^44iAi(i7i)oi iExHi-fe 44°flb >«om-«d(i2i)4 4144 Sife tIIoih #^(123)4 
1=14144(171)4 ^144 9ifeii ^14(173), TfloiH ^^-(123)^ C fls^ ^ 44(173)4 444i ^^44 
5ife =ell°l 14(175), ^ 45^114(150)4 5.44^ 44 ^®z\±^7} «J^4°1 $45.4 444 44iife 44 H 
341^44 444 7ilom4(l2l) ^ ^01^^1(171)4 ll^^sL 1144 "Sfe 4i 1^(190)4 14,144 914. 

SL4, 7114^4(121)4 414 t«s 4i 1^(190)4 4144 41 444 l4<!44 7>j;L 44-^s 14 5lfe 4 
1 444(131)4 ^144 14. 41 444(131)4 4s 444^ 4 *J4 44 1^14 41 1 n$ 

4^i HMfe 4i 14(190)4 S-t 414S4, 4 444 ^^1^0,1 ^^s\o] ^4. 

44, til 4 4 4(171)4 ^elll !4(175H 1144 4^1, 444 til444(l71) #<^|^44s44 14 4^4 
1144 tll444(l71)iis 1141 14 till! 3)1^(179)71- AA 1144 14. 414 42°fll 4 4^14 
1444(171)1 1144 Ife 144 1 = (179)# 444 44 44 1^4 144^4. 

14 4141 4 114 12 1111 4^ 11 XI 414 44 H44^4 111 41S4, 414 11 

14(10) 441 lis 114 41 114 1144 44. lis 144 7>s 41=as 14 Ife 44 1^1 J£ 
14HK12D, 1 14^4(121)4 141 44 Hll^ll 14H 11(123)4 5.441, 14^4(121)4 
^1441144 !4 '14- 41' (1251 lln ai 41 4 11 4^11^ 444 14^1(121)1 1 
144 SI 4 1 4 H 14(123)4 44 1144 14. 
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$■7.] 33 a -fH -§-^(131)^. Jp^v ^-i(R ; B, G, W)4 42 44(190)4 44 f^44 424 44 2^ 4 

34 44333 34 -H-Xl -g-^ 7>34 ft*] 4444 444. 

TflolE BflAl o-x] Hfl Al^ Sfe TflolE ^^(140)4 43^ 4444 24 tlS 4444 343 343 

44 $14. 343 344 ajs ^o.s 3334 424 44s 444 h)1433 5lfe 3344(171), 34 444 

3 5lfe 44 24423?] 22- r( 1 73). 4 514(123) P£fe 44 243 iE| <>] V42I4H12)M| 343 

ii 44473)4 4343 444fe 44 244^44 = 3)4 44(175)4 iW, 24 3 4 3 4 (171)3 44 
#3 4434 44S443 44 ^Jlf 47}44 344 s|h(179)» 244 4 514. 

4 4243 1=11 43 4(171)4 4s 4434 3334 514 3444(171)43 444 444 4 3434( 
171)3 4434 344 44.43 434 444 4 514. 

333, z]]o]b] 332 tifl A d s> 4444s 4442s 4ji-4 5144, 34444 4442s 4ji^ 
s 514. 344 342S 3344 3434 4 44 44^1 44 44s 334ai 4^ 44 4^ 4443 
34 433 44 44s 4Hfe 44 44344. 

334 44 4 34S43 4^4 44 4234(150)3 4434 44 424 4313 443 ^3 34 44s 
ol4°14 224480)4 3334 5124, 222.4(180)4 443^ 34 43(145)4 444 = 34 44(175)4 4 
144 51 42 44(190)4 443 42(R, B, 4 W)3 42 244 44 3334 514. 

434 4 433 42 4333 4^ 42332 3i 4334 4443, 434 4 7113 4233 4443 333 
4 443 442 5144 44^ 34 42 4 44 s*2# f A J«s 44i ^3-3 *J34 47)13 44 4 44 4 

R B G R W G 

if tMS] £S( C, W R (7 « R JSIAlf^E ^4. 

£t, 314*3 4^4 3444 4^4 4 7113 421H14, 4413 4442 4332S 442 £-44 444 %q 

R B 

42 4 44 42# ? A J«s 44i 434 434 34 4 44 s|-2(R, G)# 443 £S( ° w , £fe 
( < « )s 444, 34 4i 4 «1 A -!1 4i« 44 44^1 4^4 4<H1 444 44 4 3 ^ 4^(G, R)l- 443 

44, 33 4 4^3 ^12 43i4fe 43 4^ 4^4fe 4i^44 44 ^ 2-43 ^4 4 ^4 4=M1 ufl 
444 442- 4€4 42 514. 

2 84 £ 4^3 43 43 <^H 4^ S3 443 4i «W144. 

4 4^3 43 43^1i 4^ 44 S3 4334^ 344 2 84 2334 5144. 33 32 4334 4443, 4 
Eioj ^e^^ ^ s 444c 4 4^44 ^44 ^4 4^(B) 4 43 4^(\v)4 433^s 443 
442 244 344. 

4 4, 3-3-3 33 4i(B) 4 43 4^(W)4 443 S-<S<lsl 44434. 32 43344 43, 4433 444 
444^2 3*343 3334 44. 4, 3s 43 4 4 33 4i33 433 443 3 $ 4i(B) 4 43 4i(w) 
7} 3334 4 33 4^*3 3343H1 3^13fe 443 24^s 3334 51^3, 434 343 34 4 44 4 
i4 444 3s 34324 4334 443 442 s44 443 44. 444 43 4 4^33 433 334 
4#s.4 444^-2 4334 514 332 iL44. 

nela 32 4334 4443, 434fe 433 434 334 442 5L44 33 4^(B) 4 43 4^(W)3 44 

3 44 33, 433 4 4^(R, G)4 444 44 as 3333 44224 3344 514. 

44, 32 44344 43, 434 433 4i*S3 434 4444 33 444B) 4 43 4i(w)4 44°s 3 
q, ^-33 3 4i(R, G)4 344 442S 3333 44224 444 44 443 4i 3334^1 4 3, 33 

4 4i 334 344 4 4442s 4432s b)1444, 443 42 33 34s 33 4 43 424 3 34 h 
3s 443 44. 

4, 2 8334 44, 443 42 3 3334, 4 42 334 33 42(B)4 43 42(W)3 443 4334 512 
4, 434 4^ 4233 333 4 42 333 34 42(B4r 44 42(W)3 443 3343 44. 
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0^*V #± Uj*|^ 7Hfe £ ^13 4^HH K}^ S£Al ^1 o] E^A^ 714^1 <^44 

^Ml^ii^* ^Wl. 

£ XI 3 ^HHl£, Xll aJaH4 Tj-o], ^ ^j) ^Ajj o]^ 3==. 7 flol SB^o,) g*}^ X^O. 

SjBflS ^5^) E-l^, «JjXfl ^A g:«> x]n 7fln «§EflS ^EjTll £4. 

— S. 5L°<M: °l^r 5|-i ^ *H 2|-^# ^ «g=#^ <^§H 47p] *H ^a # 

§1-1451 5LH( « BW « , iEfe, " ^ « )S ^ SICK 

J£*h ifflc^ 7l^# *j-8-*M ^ 7fl5l sJ-i^H #313 4#S- 5L<#* ol^Rr ^ 5 «H 3Bi 

G 

, - ? i $ ^ 9? ^ fl-il- f^AS E+^oil o] ^ 3. ojo,) ^ ^ i.xjj 3j Afl 4^(G, R)» 44^1 5LH( " , i& 

*r )s a^m^ 914. 

4^1 444 3£^}7] m% (rendering) 4^ 7l^# ^l^Rr ^-f ^E, 71^1 4^ fjie|fi ^4 

XI 3-8-^ *r $14. 

0^4 £ ^o] AjAHH-oll 4an| ^AJ| ^^nv y A Jj ^ ^^3. 2.0^0.^ Hfl^Slai, £ 

*V IflAfl ^ <?]^e>^ 111*13*1 #3. xl^O. £<iflS ja^-S-S.. <fl-a-E7l- ^ 7J 

-f 41H ^ 3*v *|ia«-oi ^1?13*) e^4. 

4)^ 3%±m ^^1^1 ^0J ^ 5IC |._ o] nfl, BJjxB 3^7}. xlaxflzi 3|)^o.S flflOJslol o| o. HS 

S-Tg oJ« o] ^ E ^ ^ 7 >5lxl e>J7 ; ^ ^xflal O.S S^sHI ^£7> ^7>^Cf. £*V BJj^ s^h-t o^§ B-ol Bfl 

olAj-ollAi ^ ^01 ^H6| tflSH ^)S>71) ^*|-Sa^^ & ^el^^lfe oHl °> 

qjl 4^0] ^^^^oflAi ^^^Jl o Ife a ^o, 7l S 7fl U^ o]^*V ^9^40, £t§ 95 7 fl^= ^Efl ^ 

^5-1 ^51^^0,1 740I4. 



ICfeM ^ 4# ^lEl-^ »mSAO] 5).^ Hfl oJ ^^ollA^ ^7} ^ £ 01 Sl-Aj-^ X Al*> ufl iLcf ^-51*1 II ^ 

Aj-^Sl 7M ^ 514. 

m, n^y\ #^4*1 Tj-f is ^011 0)^. e^4. 44^1, ^ ^ 



1. 

*S tfosfe a]^, ^^!, «'! ^^-"1 s}±7} i^el ^cfls «1|^=|<H 5i^«i, §>4^ 1 B 0 H^£fe 

51^, ol^>^ ^ *Joll7i ^Ajj ^ BJ j,Jj fAjO S cflzVAl w 0 V^O. S *\q ^xjj ^ i7> ^51^151 

4^}£s- Hfl^isio] 51^ ^ afll; 

#71 7}S_ v^<LS- a o 1- 7 1 ^ *Joll ql^ft] Z1-ZV BflxlSlol 51 O-Dl, Aj-71 ^ofl A]^ afe t,) olE ^^§1 

7ll°m^; 



^1S 4>7l Tflo] 23 S^HM Bfl^Slol olo.nl, ^ ^1^1- ^d^H 4>7l Jfcfc ^ofl 

1«M 44^*13^ 5ife r-iloiEiA d ; 
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1^1 4?1 sMhofl 44 <8^£M 4°-4 4?1 43:7} 443 -$± 34; £ 

1^1 -8-71 4^1 44 *8^£M $l°-4 tiHj^h safe 44, 47l niHEi4i 

44SH SUfe 44 ^ 47l fl-i 444 44sH SUfe i44fe 44 H^xl^Ei 

» i44fe ^ 44 
2. 

^Il4°14i, 

^s °144fe 4 4^*S°14i fe-a 4i1H ^14 4i 4 *M 4i 4 f^jAS ufl44 44AS ^ fe 
4fl 4^4 si 7l si 444^4 h^IsH <^«* 443 4^ -W14ji 4 «fl, 

471 4i ^°i *S44 ^ H44AS 443 as Hfl<g=M. 443 4i If 43 s 4<S 4^1H 334 3 
4fl ^ .jjxn 3^ ifl^7> scfls 4^3 3 Hfl^lslfe 33 X3 44 

3. 

^12433, 

471 443 4^33 333fe 33 4i 3 3 3 4ife 4 4i*33 333 443 44a s44 334fe 3 
4 43 as 4fe 33 S3 44 

4. 

*)13434, 

471 ^3 4i 3 33 4^fe $1*13^ 4333 134*4 j8«8*MI 333fe 44^ S-4AS 3433 

3, 4 44113 n J43 343^4 3333 S^^as «lf££^ «§34fe 3^ £3 43. 

5. 

*iii433 

3 s 344fe 4 4^*333 ^4^i 33 sj-± % 33 f^JAs «fl44 44AS 33 ^ 43 

4 71 51 71 el 444£4 3333 33* 443 4^ <$ 3 3 4^ 4 "11 , 

471 4i 333 *S44 £ !4*as uflgSM, 443 4i 3 3 3 43 s 33 ^ 33 4^3 ^3 

4 aifls 4333 333fe 3^ £3 471. 

6. 

35433, 

471 3 3 4i « mfl^n ^ 4^33 4*13 44 44 44 1444 3343 333fe 443 S4AS 

4o414 4 4433 4^4*1 343^4 3333 S^4^£ 4fes s44 334fe 33 £3 43. 

7. 

31433, 

471 »J|^ sai 4^1^ 44 7l«l as 444fe &*] 471. 
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